We study the magnetic-field dependence of the cross sections for elastic and inelastic collisions of pairs of ultracold cesium atoms in a magnetic trap, calculated with the coupled-channels method. We pay special attention to atoms in the f =3, m& = -3 weak-field seeking state of the lower hyperfine manifold.
I. INTRODUCTION Since the successful slowing down of a thermal atomic beam with the radiation pressure of a counterpropagating laser beam [1] in 1985, the ability to manipulate the position and velocity of atoms has increased tremendously. A variety of techniques has been developed to slow down atoms to Doppler and later to sub-Doppler velocities [2] .
In addition, there has been rapid progress in developing techniques to trap cold atoms in magnetic, optical, and magneto-optic traps [2] , and in doing experiments with freely falling atoms in an atomic fountain [3, 4] , and in an atomic trampoline [5] , the latter being a trap in which the atoms are confined above by gravity and below by a concave mirror. All of these accomplishments are based on single-atom properties, i.e. , the interaction of single atoms with external fields.
There is a growing awareness, however, of the importance of two-atom properties in all of these experimental circumstances.
Contrary to ionic species with their strong Coulomb interaction, neutral atoms have the advantage that their number can be increased, for instance for improving the signal-to-noise ratio or for achieving the critical density for Bose condensation, without disastrous interparticle perturbations, leading to collisional frequency shifts or escape of atoms from traps. To find the admissible limits to densities which nevertheless exist, it is necessary to investigate hyperfine-state changing and nonchanging collisions. In two previous short papers we studied the role of such collisions in a cesium atomic fountain [6] and in a cesium magnetic trap [7] .
The most spectacular envisaged application of the cesium fountain is the construction of an improved version of the cesium atomic clock with an estimated increase of accuracy by two orders of magnitude, made possible by the much longer time which slow atoms spend in a limited domain of space during their ballistic flight. Atoms are directed upward either with a pulse of light [5] or with "moving molasses" [4] . On their way up and down transitions between the ground-state hyperfine levels are induced by means of the Ramsey method of separated oscillatory fields. Owing to the slowness of the atoms the time between the two microwave pulses used to induce the transition can be very long relative to that in the conventional cesium clock. In Ref. [6] we have shown that elastic collisions lead to frequency shifts with a profound influence on the accuracy and stability of the cesium fountain clock.
An intriguing aim of experiments with magnetically trapped cesium atoms is to observe quantum collective effects in a weakly interacting Bose gas, the so-called Bose-Einstein condensation (BEC). This occurs when the thermal de Broglie wavelength becomes comparable to the mean distance between the atoms or larger. In these circumstances it is favorable for the atoms to occupy the one-particle ground [14] . In this paper we will not repeat the line of reasoning and the results of Ref. [7] with respect to these conditions. Instead, this paper will be devoted to a more extensive presentation of some aspects of the work which have received insufficient attention in our previous short papers [6, 7] , notably the pronounced Feshbach-type resonance structure in the magnetic-field dependence of the theoretical elastic and inelastic two-body relaxation rates predicted by our calculations and the role of the final centrifugal barrier in reducing the loss of atoms. A related resonance structure has previously been predicted [15] for more general diatomic systems and observed [16, 17] 
with P~projection operators on the subspaces with definite total electron-spin quantum number S. The dipolar interaction V" is given by the familiar magnetic dipole-dipole expression. It is sufficient to include the electron-electron and electron-nuclear parts.
Asymptotically where the central and dipolar interactions can be neglected the system is described by the eigenstates of each of the atoms separately. In Fig. 1 cule. The same procedure as in Refs. [6] and [7] is used.
For the singlet potential we use a spectroscopically determined Rydberg-Klein-Rees (RKR) potential from Weickenmeier et al. [22] . To obtain the triplet potential we reverse the exchange contribution of the singlet potential beyond 15.6ao, while for smaller internuclear distances we use an ah initio calculation by Krauss and Stevens [23] but modified in such a way that it fits with the position R, of the minimum, the harmonic vibrational frequency co"and the dissociation energy D, given in Ref. [22] .
There remains, however, a considerable uncertainty in the singlet and triplet potentials as indicated in Refs. [22] and [23] . As already pointed out in Ref. [7] , the present uncertainty in the central potential makes it impossible to predict the sign of the scattering length for~4, 4)+~4, 4) elastic scattering, a crucial quantity for the realization of since one is dealing with pure S = I states. In Fig. 4(c In each of the above-mentioned resonance theories (see, for instance, Refs. [27, 28] ) the partial width of a resonance for decay into a particular scattering channel is proportional to~( B~H """P ) (, where~8 ) is a quasibound state,~P) a scattering state, and H"" the coupling between the two. Since in the present case the resonances can only be formed from and decay into thẽ [3 -3, 3 -3]+ ) channel, a partial resonance width is at the same time a total width. From the discussion of Fig.   4 it follows that the F =6 resonance has a width proportional to ah&, while for F =7 and 8 a magnetic field is essential for decay into an F =6 channel, so that the corresponding widths behave as B and B,respectively. within a coupledchannels framework would involve an elaborate integration of a set of complex differential equations and a search in the complex energy plane for solutions with the correct asymptotic behavior. However, as long as the resonances are far apart the R-matrix approach [30] shows that their energies are well approximated using the Wigner-Eisenbud boundary condition d4/dr =b+ with a real constant b at a radius r& beyond which the central interaction is negligible. Using this approach we indeed found the scattering resonances at the correct field values with positions rather insensitive to the value of b. In addition, however, we found spurious resonances introduced by the specific boundary condition, which we could distinguish from the real ones by their strong dependence on r, and b.
In the foregoing we restricted ourselves for simplicity to low-energy scattering in the~I 3 -3, 3 The dipolar transition rates turn out to contain resonances too. Since V" is only important for the atom loss from the~4, +4) and the~3, -3) gas we restrict ourselves to these cases. The resonance structure is now complicated by the fact that the dipolar interaction is nondiagonal in I and MF. Resonances thus show up not only in the lFM~subspaces of initial and final channels, In Fig. 6 
